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Using  tritlun-lebellod  toxin. 


lota  than  2%  (  O.OOSug/al )  of  tho  added  toxin  within  a  3-hour  period. 
Diphtheria  toxin  exerta  lta  action  on  cello  by  Inhibition  of  protein 
ayntheala.  Low  concentration*  of  toxin  block  the  Incorporation  of 
C14-s«dno  add*  Into  protein  In  extract*  of  Hela  cell*  and  of  rabbit 
reticulocyte*.  Action  of  the  toxin  require*  the  presence  of  a  specific 
cofactor  «dilch  ha*  been  Identified  as  nlcotinasdde  adenine  dlnucleotlde 
(NAD).  It  ha*  been  sham  that  the  toxin  Interferes  with  a  atop  Involving 
the  transfer  of  anlnoaclds  from  aalnoacyl-sRNA  to  the  growing  polypeptide 
chain* 

**y  Stojltt  9f<  fllPtifowlal  phaoesi  A  nethod  for  phage  assay  haa  been 
developed  using  an  anti-head  protein  serun  gawwaglobulln  fraction, 
trace  labelled  with  I*  •  Bacteria  to  which  4  or  nor*  phaga  particles 
have  been  absorbed  are  specifically  agglutinated  by  the  aerua.  .The 
agglutinate  1*  collected  on  Millport  filtera  and  counted  for  I*3*. 

The  nethod  has  proved  useful  In  studying  the  defective  on-plaque  fcm> 


light,  the  burst  stse  is  the 


as  far  the  naruel  lysogenic 


svrain  and  using  P^-labelled  Jo,  it  has  been  found  that  lta  ENA  Is 
Injected  nomally.  As  deteradnod  by  the  I131  nethod,  the  classic  MB 
?  .  n.wl>IM1  !•••  th«n  2Jf  as  nueh  absorbable  phage  following  W 
lnMctlon  a*  do  P(J)  end  P(Jd)  under  slnllar  conditions. 


NODE  Of  ACTION  OP  DIPHTHERIA  TWIN 


It  shown  by  Stzauaa  and  Hand**  (1),  that  following  addition 
of  a  "saturating  do**"  {  0.5pg/ml)  of  purified  diphtheria  toxin  to  a 
growing  culture  of  HaLa  call*,  growth  and  protaln  synthesis  continue 
at  thair  normal  rata  for  1.5-2  hours  and  than  eaaaa  abruptly .  Vary 
such  lowar  eoncantrationa  of  toxin  will  kill  mammalian  call*  if  left 
on  contact  with  than  for  a  prolonged  langth  of  tie*.  In  fact  it  can 
bo  cal  cult  tact  fro*  tha  experiment*  of  Lamox  and  Kaplan  (2)  and  of 
Gabllke  and  Solotorofaky  (3),  that  toxin  at  a  concentration  of  1-.S4 
than  10"1JN  equivalent  to  only  200-400  aoliC'ilaa  par  call,  la  laLVl 
for  certain  atraina  of  m ■Milan  call*  within  3-4  day*.  How  wueh 
toxin  ia  actually  taken  up  by  tha  call*  whan  toxin  la  added  to  a  oua- 
panalon  in  aaturatlng  eoncantrationa?  In  ar  attempt  to  anoaar  thla 
question,  wo  have  prepared  highly  purified  tritlu»*labelied  toxin  and 
attempted  to  neaaura  ita  uptake  by  cultures  of  tha  83  strain  of  He  La 
calls. 


Initiated  toxin  was  prepart??  by  growing  tha  SJ»-1  variant  of  the 
FWS  strain  in  Yoneda'a  medium  (4)  containing  unlferaly  labelled  Hr-1- 
■athlonina.  Tha  H^-texln  wo*  purified  by  anaonlua  sulfate  fractiona¬ 
tion,  followed  by  passage  through  Sophedex  0-23  and  finally  by  fractions* 
tion  on  a  GCAS  coluan.  The  final  product  contained  2.9pg  protaln  and 
60wld  per  Lf  and  160  counts  par  win  per  pg.  In  a  typlccl  experiment, 
thrav  cultura  flask*  aera  inoculated,  each  with  106  He  La  (S3)  call* 
par  al.  To  flaaka  A  and  B  war*  added  ea  7  x  10*  cpm/rt  a4-ph*nylalanlnei 
to  flxtks  B  and  C  war*  added  1.7)ig/wl  trltlatad  toxin.  At  hourly 
Intervals  one  ad  samples  ware  withdrawn  and  tha  calls  collected  on 
Nillipor*  filters.  Call*  frow  flasks  A  and  B  war*  counted  fcj  C14j 
thoea  froai  flask  C  for  tritium.  The  Q4  counts  showed  that  phenylalanine 
uptake  in  the  flasks  containing  toxin  began  to  alow  down  and  deviate  froai 
the  control  after  2  hours  and  had  caw*  to  a  standstill  within  3  hours. 
Table  1  shows  tha  results  of  tha  parallel  expert  want  (flask  C)  to  which 
labelled  toxin  but  no  d 4- phenyl alanine  was  added,  ih*  radioactivity 
recovered  with  the  calls  averaged  only  2.3 %  of  the  total  counts  added, 
did  not  change  significantly  with  tin*  over  tha  3  hour  period  and  was 
unaffected  by  washing.  In  fact  tha  counts  war*  not  appreciably  greater 
than  in  xaro  tins  controls  in  which  toxin  was  rapidly  passed  through 
Nillipor*  filter*  on  sdilch  lCr  HaLa  calls  had  previously  bean  collected. 
At  the  and  of  tha  3  hour  period,  up  to  90K  of  tha  labelled  toxin  could 
be  recover  ad  free  the  filtrates  by  co-precipitation  with  added  un- 
laballad  toxin  and  an  equivalent  Mart  of  anti-toxin. 

It  aaaaa  clear  free  the  Kwlti  of  leaner  and  Kaplan  and  of 
Qahliks  and  Selecorefsfcy  referred  to  above,  that  only  a  aaail  fraction 
of  a  saturating  doaa  would  need  to  paaa  tha  call  aaabrana  in  order  to 
kill  a  till.  At  tha  extrenely  low  concentrations  that  they  used 
(ea  lO"13*  or  200-400  molecules  par  call)  diffusion  nay  ba  a  limiting 
factor  in  determining  the  length  of  tha  latent  period.  If  tha  toxic 
protaln  la  takan  up  by  pinocyteaia,  than  the  cello  wit  iahib*  large 
amounts  of  cultura  fluid,  since  tha  total  call  veluaa  in  thair  *x- 
perl  ■ants  was  lass  than  0.2*.  Tha  experiment*  with  labelled  toxin 
have  failed  to  tall  ua  Just  haw  each  toxin  la  fixed  by  oonaltlv*  cello. 
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Kevartheleas,  they  [do  dawonatrata  that  tha  aaount  of  toxin  which  la  , 
fixad  or  paaaaa  through  the  call  ntaferane  la  vary  aaall  lndaad  and 
■ay  ha  only  a  few  woltculee  par  call,  even  In  tha  presence  of  high 
toxin  conesntratl  >~a.  Thl»  fact  la  of  significance  In  considering 
tha  and a  of  action  of  diphtheria  toxin,  alnce  It  seene  to  preclude  tha 
likelihood  that  call  damage  la  tha  raault  of  one  to  one  Interaction  of 
tha  toxin  aelecule  With  a  atable  call  eowponent  auch  aa  an  entyma. 

It  suggests,  rather,  that  tha  toxin  aay  act  catalytieally  to  activate 
a  dagradativo  ensyma  or  to  inactivate  a  vital  anxyxo  or  other  call 
catalyst.  1 

Table  1 


Uptake  of  H^-eathionina- labelled  diphtheria  toxin  by  HaLa  cel la 
(S3)  in  aplnner  culture 


Tims 

Counts  oer  minute  per  10*  cells* 

(hours} 

Unvested  Wasted  with 

Mashed  with  wedlun 

Msdlun  alone 

and  3*  TCA 

(e) 

(b) 

0 

6.8*1 

m 

<e» 

m 

1 

10.8 

9.3 

8.7 

8.0 

? 

9.1 

8.7 

8.3 

4.5 

3 

6.3 

10.3 

7.2 

9.2 

7.3 

6.8 

11.9 

3.1 

Sc 

5.8 

9.8 

8.4 

3.9 

(a.e) 

(9.0) 

(8.7) 

(6.0) 

*  One  el  saaples  collected  on  Mllllpcre  filters  and  counted. 

i06 

HaLa  cello  par  ad  and  l.'ftig  (273  cae)  par  ad  highly  purified  H3- 
■ethionlrw- label lad  toxin. 

i  b  At  zero  tlaa  10*  nerxel  HaLa  calls  collected  on  filter.  Then 

|  1  ad  containing  1.7pg  toxin  rapidly  filtered  through. 

c  After  3  hours,  50-90<  of  the  labelled  toxin  nee  recovered  froai 
tha  supernotes  by  specific  eopreclpltation  with  added  unlabelled 
toxin  and  antitoxin. 

*  Figures  in  parentheses  Indicate  averages  ever  the  entire  period. 

Effwt.rt  ignis  .an.  aim.  *tii,  iMgreittm  kudla* 

Last  year  we  reported  preliminary  exparleenta  by  R.  J.  Collier  which 
showed  that  in  the  presence  of  only  O.Sps/el  purified  toxin,  aadno 
acid  Incorporation  list?  ^rlvpoptidae  by  cell-free  extracts  frow  HaLa 
cells  was  Inhibited  303.  '.he  inhibition  was  shown  to  be  specific 
for  toxin  Itself,  oven  thuigh  antitoxin  failed  to  neutralise  the 
effect  ecepletely.  A  specific  toxir- antitoxin  flocculoo 

are  still  eapeble  e?  I  inhibit!  . 4,  alwost  cenpletely,  the  incorporation 
of  aadno  acids  by  the  cell-free  extract. 


-  3  - 

The**  *xp*rls»nt»  hive  no w  boon  confirmed  and  extended.  It 
ha*  been  »ho«m  that  toxin  interfere*  in  some  way  with  tha  transfer 
of  amino  acid*  froo  *mino*cyl-*RNA  to  tha  grafting  polypeptide  chain. 

In  order  for  toxin  to  act,  a  specific  cofactor  i*  required  which  ha* 
recently  been  identified  a*  iiieotlnaalde  adenine  dinucleotlde  (N/U>). 
Inhibition  of  polwhenvlslsni n*  avntheslai  It  seemed  po*elbl*  that 
toxin  might  be  acting  to  inhibit  selectively  the  incorporation  of 
only  on*  of  the  20  aal noacid*  into  protein.  It  therefor*  seeatd 
worthwhile  to  teat  the  effect  of  toxin  on  the  incorporation  of  C14- 
ph^nylalanlne  in  the  pretence  of  tha  synthetic  nssenger  RNA, 
polyurldyllc  acid,  which  codes  for  the  formation  of  polyphenyl alanine. 
Table  2  shows  that  poly-U-stiwulated  Incorporation  of  phenylalanine 
by  He  La  call  oxtraets  is  Indeed  blocked  by  low  concentration*  of 
toxin.  It  would  thus  appear  that  if  toxin  lnhiblta  the  incorporation 
0'  only  one  of  the  aadno  adds,  than  that  amino  acid  auat  bo 
phenylalanine.  This  possibility  *****  unlikely. 

Taola  2 


Effect  of  diphtheria  toxin  an  poly-U-stlaulated  incorporation 
of  CH-phenylalanln*  in  HeLa  cell  extract** 


Additions  C-14-phenylalanln* 

Incorporation 

cps/smapl* 


None  279 

Poly-U,  SOpg  1402 

Poly-U,  90yg  toxin,  ISpg  206 


•  The  collet*  systew  contained  1  umol*  ATP,  0.29  fmolt  GTP 
10  pnole  creatine  phosphate,  120  /u«ole  creatine  kina**,  90  pi 
aadno  acid  mixture,  0.09  ;umol*  (0.6  uc)  C14-ph*fiylalanlne, 

20  pmol*  G5H,  90  pmole  KC1,  9  pmole  HpCU.  H  O,  90  ywol*  Trie 
pH  7.9,  and  o.4ml  HeLa  extract  to  a  final  volama  of  1.4ad. 


Effect  of  toxin  on  heneqlobln  svnthesist  Because  of  the  tech¬ 
nical  difficulties  of  growing  large  nuabers  of  HeLa  cells,  even 
in  epinnen  cultures,  we  decided  to  test  the  effect  of  toxin  on 
aadno  acid  incorporation  into  hemoglobin  by  a  partially  purified 
cell-free  system  prepared  fro*  rabbit  reticulocytes.  This  system 
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has  bean  extensively  studied  fay  Allen  and  Schm*t  (5),  Dintiaa  (6) 
Narnar  at  al  (7)  and  ethara.  Reticulocytes  Mara  eollactad  fro*  phenyl 
hydrazina-polsonad  rabbit*  and  «*ra  artractad  and  fraetlonatad  accord* 
lnt  to  Allan  and  Schweet  (C).  Riboaoaaa  war*  separated  fay  high  apaad 
cantrlgugatlon  and  than  activating  and  tranafar  anaywaa  togathar  with 
rlbonuclale  acid*  war*  praclpltatad  frow  tha  aupamnt*  with  aewonlua 
sulfate.  Tha  cowplsta  ayataa  whan  suppleoentad  with  Ngr*,  GTP, 
awlno  acids,  ATP  and  ATP-ganaratlng  ay* taw  waa  highly  active  in  in* 
corporatlng  C14-aod.no  add*  into  TCA  pradpitabl*  notarial.  Mich 
to  our  surprise,  however,  tha  oyata*  provad  to  b*  cowplataly  in* 
aanaitlv*  to  tha  action  of  dlphtharia  toxin*  (Tabla  3) 

Table  3 


Incorporation  of  C14-ph*nylalHtln*  by  call- fra*  ayataw 
fro*  rabbit  reticulocytes* 


Q4»  phenylalanine 
Incorporated 

cpa/aa^l* 


Coaplata  ayataw 

1040 

No  ATP,  ATP-ganaratlng 

7 

ayataw  or  GTP 

No  riboaoaaa 

0 

No  AS70  fraction* 

128 

No  sRNA 

«2S 

RMAaa*,  SOyg 

■  4 

puroaycin,  lOOpg 

49 

Diphtheria  toxin,  15j»g 

1046 

*  Coaplata  ayataw  >aaw  a*  in  Tabla  2  except  that  lnataad  of 
IMa  extract  there  wa*  added  i  lOOpg  reticulocyte  aftNA,  300pg 
riboaoaaa  and  Sag  AS70  fraction  (protein*  praclpltatad  between 
40  and  7091  aaturatlon  with  awnonluw  aulfata  fro*  ratlculocyta 
aupamata). 

Our  first  reaction  to  this  finding  wa*  that  the  insensitivity 
to  toxin  wight  be  related  to  the  fact  that  the  riboaoaaa  In  retie* 
ulocytaa  are  net  bound  to  the  andeplasadc  raticulua  a*  la  the  caa* 

In  Mala  calls*  Thla  hypothaala  was  tasted  by  axaadning  the  sanai* 
tlvity  to  toxin  of  ratlculocyta  riboaoaaa  plus  the  soluble  factor* 
free  Nat*  extracts  and  of  Mala  adcroaowaa  plus  ratlculocyta  ansyaea 
and  IBM.  Table  4  show,  clearly  that  the  state  of  binding  of  rlboooaes 
do**  net  datarwdne  sensitivity  to  toxin.  It  la  apparent  free  tha 


table  that  only  those  reaction  Mixture*  containing  the  HaLa  cuper- 
nata,  either  alone  or  in  combination  with  reticulocyte  soluble  factors, 
are  inhibited  by  the  toxin.  This  suggests  that  there  Is  sons  factor 
contained  In  the  He  La  supemate,  but  not  present  in  the  reticulocyte 
soluble  fraction,  which  Is  necessary  for  action  of  the  toxin. 

Table  4 


Effect  of  toxin  on  C14-leuelne  Incorporation 
in  cell-free  extracts 

Source  of  Source  of  C14-leudne  lneorpor-  Inhibition 

Ribosomes  soluble  factors  ated  (cpa/saaple  )*  % 


Control 

Toxin 

(ISpg/ml) 

reticulocyte 

reticulocyte 

1414 

1418 

0 

reticulocyte 

mu 

1776 

399 

80 

HaLa 

reticulocyte 

292 

311 

0 

reticulocyte 

reticulocyte 

4- 

2166 

672 

69 

HeU 


*  O.fpic  Cl  4-leucine  added  to  each  reaction  Mixture 

Identification  of_cof»ct«  reculrtd  for  toxic  ectlorn  It  soon  becasw 
evident  that  the  cofactor  present  In  the  HaLa  supernote  was  a  snail 
nolecul*.  After  dialysis  or  passage  through  Sephadex  G25,  the  He  La 
super net*  retained  its  full  amino  acid  Incorporating  activity  when 
suppleannted  with  the  wlcroeoaal  fraction.  However,  dialysed  or 
gel-filtered  supernotes  were  completely  Insensitive  to  Inhibition 
by  toxin.  Sensitivity  could  be  restored  by  addition  of  a  boiled 
extract  of  HaLa  cells  from  which  coagulated  protein  had  been  rsaoved. 
Addition  of  boiled  He  La  extract  also  rendered  the  reticulocyte  system 
sensitive  to  inhibition  by  toxin. 

Before  atteantlng  to  frectlonets  boiled  extracts,  various 
known  eofactors  were  tested  for  their  ability  to  restore  sensitivity 
of  the  dialysed  system  to  toxin.  The  factors  tatted  Included  flavin 
nucleotides,  pyridine  nucleotides  (NAD  end  NASH),  pyridoxal  phosphate 
and  a  yeast  concentrate.  Oily  NAD,  NAEH  and  yeast  extract  (containing 
NAD)  restored  the  sensitivity  of  the  dialysed  HaLa  system  and  of  ths 
reticulocyte  system  to  toxin.  Table  S  shows  that  in  the  presence  of 
only  O.Sug  NAD  per  ml,  there  wee  about  SON  inhibition  of  incorporation 
of  Cl 4- leucine  in  the  reticulocyte  system  by  6Lf/al  toxin.  The  table 
shows  that  90-100  times  aa  weh  NADP  ware  required  for  SON  inhibition 
by  toxin  in  the  seme  system  (there  were  probably  traces  of  NAD  in  the 
NADP  preparation).  It  thus  seems  virtually  certain  that  the  dlalyteble 
cofactor  in  HaLa  supamataa  is  NAD, 
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Table  5 


Effect  of  NAD  and  NADP  on  Inhibition 
by  toxin  of  Incoiporatlon  of  C14-leuelne  by 
reticulocyte  ayateei. 


Toxin 

added 


HO 


Co factor 
added 
ug 


C14- leucine  incorporated 
(cpe/siapls) 

NAD  NADP 


0  0  549 


15 

0 

543 

0 

50 

539 

525 

15 

0.1 

489 

539 

15 

0.5 

371 

534 

15 

2.5 

213 

489 

15 

50 

142 

333 

0.6uc  C14-leucine 

to  each  reaction  mixture 

Effect  of  toxin  on  amlnoacyl-aRNA  formation »  Protein  synthesis  aey 
be  considered  to  take  place  in  two  steps i  1.  a  reaction  of  anino 
acids  end  ATP  with  activating  enzyme  and  sRNA*  &  specific  for  each 
individual  amino  acid  to  form  aminoacyl-sRNA' s  and  2.  transfer  of 
amino  acids  from  aoinoacyl-sRNA  to  the  growing  polypeptide  chain  on 
ribosomes  held  together  by  messenger  nfiNA.  Reaction  2  is  catalysed 
by  one  or  more  transfer  enzymes.  The  effect  of  toxin  on  step  1  was 
tested  by  following,  at  15C,  the  uptake  of  C14-algal  protein  hydro¬ 
lysate  by  reticulocyte  oRNA  with  time  in  the  presence  of  MAD  (50pg/ml) 
and  activating  enzymes  from  reticulocytes.  Toxin  proved  to  be 
completely  without  effect  on  aminoacyi-sRNA  formation. 

Effect  of  toxin  on  the  transfer  reactloni  Purified  awinoacyl-sRMA 
was  prepared  from  ret  liver  tRNA  and  Cl 4- phenylalanine  or  C14-algal 
protein  hydrolysate  in  the  pretence  of  activating  enzymes  from 
rabbit  reticulocytes.  The  transfer  of  the  libelled  amino  acids  from 
the  purified  C14- amir>o«cyl-eRNA  to  hot  TGA  insoluble  polypeptides 
was  carried  out  by  incubation  with  the  complete  incorporating  system 
containing  AS-70  proteins  and  ribosomes  from  reticulocytes  and 
50ug/al  NAD.  Table  6  shews  that  polypeptide  formation  was  indeed 
inhibited  40-6535  by  low  concentrations  of  toxin. 
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Tabla  6 

Inhibition  of  transfer  of  C-14  aalno  aclda 

fro*  pur  If  lad  C14-aainoacyl-*RHA  to  protein  by  toxin 

Aalnoecyl-aftNA  Supplaaant*  or  C-14  aalno  acid  Inhibition 
dolatlcna  fro*  incorporated  % 

eoaplot*  ayata*  (cp*  par  aaapla) 

Control  Toxin  (lSug/al) 


CIO-algal  protaln  nona  3200 

hydrolyaato 

•  SOug  NAD  3330 

■  SOug  MM)  lug  3500 

each  of  IB  aalno  aclda 
a  no  rlboaoaaa  SS 

C14-ph*fiyUUnin*  non*  825 

•  SOug  NAO  784 

•  SOug  poly-U  1318 

•  SOug  MAO  SOug  1229 

poly-U 


3180 

0, 

1980 

39 

1290 

64 

• 

aw 

SIS 

1 

425 

46 

1119 

15 

465 

63 

Cone lull ont i  Low  eoncontratlon*  of  highly  purl f lad  diphtheria 
toxin  Inhibit  incorporation  of  aalno  acid*  Into  protaln  by  extracts 
of  HoLa  call*  and  by  rabbit  reticulocyte*.  MAO  la  a  required  co¬ 
factor  for  tfela  Inhibition.  The  alt*  of  action  of  the  toxin  appear* 
to  be  on  km  component  Involved  In  the  tranefer  of  aalno  aclda 
fro*  aflMA  to  the  growing  polypeptide  chain.  It  la  net  known,  aa 
yet,  whether  toxin  it  ltaolf  an  NAO  requiring  amy*a  that  degrade* 
an  aaaantlal  eoaponant  In  the  reaction  or  whether  toxin  activate* 
a  dagradatlve  anry*a  that  raqulrta  NAO  as  a  cofactor. 


II 


STICKS  ON  DIPHTHERIA!  PHASES 

Last  )'»t'  we  reported  etudlee  on  the  properties  of  various 
lysogenic  diphtheria  bacilli  and  of  the  phages  liberated  froai  the* 
following  induction  by  ultraviolet  light.  The  isolation  of  a  fast* 
growl jg  defective  lysogenic,  toxigenic  strain  P(£d)  was  described 
and  its  properties  were  coepared  with  other  norta.1  lysogenic  strains. 

P(P )  and  C7(f )  and  with  the  respiratory-defective  high  toxin-producing 
stra'n  Pf.'R.  These  studies  ht.ve  been  continued  during  the  past  year 
and  f  *j  progress  has  been  aade  towards  finding  out  the  nature  of  the 
defects  in  yhtje a  derived  froa  P(pd)  and  PW8. 

toeaClilia-aL  C°««a»no  acid  aediua  She*  — 

use  in  the  laboratory  for  growth  of  C.  diphtherias  contains  about 
600-640ag  inorganic  phosphorus  (.1)  per  liter,  derived  aalnly  fro* 
Cassaino  acids.  It  1*  necessary  to  rswove  aost  of  this  phosphorus 
in  or  •'or  •;»  prepare  P32-phago  e  high  specific  activity.  Cs  seal  no 
scldc  wars  treated  with  a  alight  excsss  of  CaCl-.SHLO  at  pH  8.3  in 
the  presence  of  7pe  Pi 32  at  100C.  The  pracipltatadrcalclu*  phosphate 
was  xweoved  by  filtration  leaving  only  20-40eg  Pi  per  liter.  The 
filtrate  -as  brought  to  pH7  and  the  excess  Ca  ms  then  rtaovad  by 
trseta*  it  .ith  Domx  Chelating  Rssln  A-l.  The  aediua  ms  then 
suppleaesited  with  Mueller's  solution  II  containing  Mg.  vi  teal  ns, 
and  trac#  slsmnts  and  with  1.3%  asltose. 

For  preparation  of  P32-ls'  -Had  phage,  cultures  of  P{p )  mre 
grown  overnight  in  the  low  Pi  -  Hun  and  then  Inoculated  to  00390  x 
0.13  in  lev  Pi  aediua  to  which  .uc/al  currier-free  P32  had.be an  added. 
After  -oeut  2  hours  at  37C  whan  the  CD  reached  0.3  (4  x  lCrbecterie/ai . , 
the  culture  wee  irradiated  with  UV.  1*0  hours  later,  1%  noxael  rabbit 
serea  and  »ySo  sodiua  citrate  ms  added.  The  burst  ms  coaplste  3 
hours  after  irradiation.  After  centrifugation,  the  clear  supernote  me 
passed  through  a  Mlllipore  #63  filter  and  then  through  a  Sephadax  050 
coluar  equilibrated  with  1%  Cast  ad  no  acids  at  pH  7.8  containing 
3  x  NT5*  chlorsaphenlcol.  The  final  yield  of  P-phage  averaged  about 
3  x  1C9  pleque-f erring  psrtieles  per  al.  The  preparation  contained 
ea  20,000  cpa/al  P32  of  which  about  3%  ms  incorporated  In  phage. 

About  double  this  specific  activity  ms  obtained  by  urlng  0200  instead 
of  030  Sephedex.  P32- labelled  lysates  froai  P(P ),  P(pd)  and  PMB  were 
prepared  by  the  above  procedure. 

I131-labtlltd  antl-ohege  rabbit  oameolobullm  A  potent  antiaarua 
prepared  by  iaaunizing  rabbits  with  high  titer  Bv  phage  me  ex¬ 
haustively  absorbed  with  suspensions  of  the  sensitive  non- toxigenic 
C7(- )  strain.  Ths  absorbed  sente,  specific  for  phage  heed  protein*, 
me  dialysed  (gainst  0.01M  phosphate  pH7,  passed  through  a  DEAZ  coluan 
and  then  eluted  with  0.02M  phosphate.  The  eluate  ms  precipitated 
with  an  equal  velum  of  saturated  aaneniua  sulfate.  Ths  precipitate 
ms  rsdissolved  and  passed  through  Sephedex  equilibrated  with  Tris  at 
pH  8. 

Fourteen  al  of  the  9lobulii:  fraction  containing  w  total  of 
100  ag  protein  ms  trace-labelled  with  2ac  I131  (ca  3  atom  per 
aolecula  globulin)  according  to  the  nethod  of  Cohen  et  al  (8). 
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■hen  first  prepared,  the  friction  contained  1.8  x  10 ^cpm/oX  or 
1.8  x  10®cp m/wq  protein  of  p-radiation.  The  radioactivity 
about  5*  specifically  pr«cipit«bli  by  purified  Be  phage. 

Reectlon^of  l1  -intlphao  globulin  with  suspensions  of  diphtheria 
bidllli  Su*p*n«lon«  of  C7(- )  btetaria  ara  not  agglutinated  by  the 
absorbed  antiphaga  globulin.  Nevartheleas,  avan  after  exhaustive 
abaorption  with  tha  C7  atraln,  ^‘-labelled  globulin  contlnuaa  to 
ba  taken  up  by  tha  bactaria  and  cannot  ba  reaovad  by  washing  tha 
traatad  bactaria  on  Mllllpora  filtara.  That  tha  raactlon  la  not 
an  antigen-antibody  intaractlon  la  proved  by  tha  fact  that  tha 
jl31Upt1|((  Independent  of  tha  nuaber  of  bactaria  or  tha  danalty 
of  tha  autpanalon  and  la  directly  proportional  to  tha  concentration 
but  not  tha  aaount  of  lI3I-globulin  uaad  In  tha  taat.  Hero  over,  tha 
aaount  of  label  takan  up  la  Markedly  laaa  when  tha  C7(-)  euapenelona 
ara  traatad  with  antiphaga  In  tha  pretence  of  3*  bovine  gewaaglobulln. 
HiMtlsn-Qf  ■I131-intlPh«gf  with  phsoo-senslUitd  bacterial  Whan  4 
or  aura  phage  particlca  par  bccteriu*  are  abeorbed  to  autpanalona 
of  tha  C7  atraln,  tha  organiaaw  bee one  agglutlnabla  by  antiphaga 
aaruau  Tha  agglutinate*  way  ba  centrifuged,  suspended  In  medium 
containing  0.5*  BOG,  collected  on  Mllllpora  filtara  and  counted 
for  ll3i.  In  antibody  axcaaa,  tha  I*3!  count  la  directly  pro¬ 
portional  to  tha  phage  takan  up  by  tha  bactaria,  up  to  a  Multi¬ 
plicity  of  nearly  300,  provided  that  tha  I131  count  of  similarly 
traatad  unsenaltlzed  bactaria  la  subtracted.  TMe  blank  la 
relatively  aaall  whan  tha  raactlon  la  carried  out  In  a  aedlua 
containing  Swg/al  BOG. 

Tha  9 -phage a  have  unusually  long  tails  (2*0% )  and  aftar 
absorption  to  bactaria  and  treatment  with  antiphaga  bacoaa  ex¬ 
treme  ly  aansitlva  to  breakage  by  shear.  A  single  vigorous 
waahlng  in  a  plpet,  la  sufficient  to  break  off  the  phage  particles 
and  reduce  tha  absorbed  I131  counts  to  tha  level  of  tha  control 
suspension.  This  fact  hat  proved  useful  In  double  label  experiments 
designed  to  demonstrate  absorption  followed  by  penetration  of 
Relabelled  phage  DMA. 

■hen  suspensions  of  purified  pfrow  W-ly*atee  of  P(fi )  ara 
abeorbed  to  C7,  tha  organiaaw  bacoaa  agglutlnabla  by  antiphaga 
serum  and  taka  up  an  amount  of  l131  equivalent  to  tha  phage  titer. 
Mneovar,  tha  defective,  non-plaque-forwlng  fid  mjtsnt  llkewlea 
renders  C7  *u  span  done  agglutlnabla  and  from  tha  I131  uptake  it 
can  ba  calculated  that  tha  burst  alts  of  P{#d)ls  approximately  tha 
saws  as  that  of  tha  noraal  P(P )  atraln.  Finally,  using  fid  labelled 
with  P32,  It  has  bean  shown  that  tha  fid  DMA  la  injected  Into  tha 
C7  call  and  remains  there  after  the  phage  coat  hat  bean  broken  off. 
Thus  despite  tha  fact  that  fid  produces  no  plaques  on  C7  and  that 
thus  far  we  have  bean  unable  to  convert  C7  to  C7(pd),  tha  defective 
phage  adsorb*  to  S7  normally  and  injects  Its  DMA  normally.  In  tha 
electron  microscope,  fid  appears  to  ba  indistinguishable  from  ft. 

Tha  behavior  of  tha  clatalc  PW8  atraln  la  quite  different. 


UV-ly*ate»  of  MS,  prepared  in  exactly  tho  mm  my  ••  thorn  from 
P(fi )  and  P(pd),  fail  to  randar  C7  tuapanaiona  agglutinable  by 
antiphaga  serua  and  tha  treated  bacteria  taka  up  no  Maaurabla 
I13*.  It  haa  bean  ahown  uting  MS  IW-lyaatee  concentrated  15-20 
fold,  that  a  fat*  norsal- appearing  phage  particlaa  can  be  aeon  in 
electron  wicrographa.  However,  tha  praaant  axpariMnta  with 
I131-antiphege,  ahow  that  laaa  than  7%  aa  wany  particlaa  are 
liberated  frow  MS  aa  f row  an  equivalent  nuafear  of  irradiated  P(fi ) 
or  P(fd )  organiawa.  MS  lyaatae  labelled  with  P32,  contain  a  aaall 
aaount  of  labelled  Mtarial  that  adeorba  to  C7  and  cannot  be  xawovad 
by  mahing.  It  aaan*  unlikely  that  this  Mtarial  la  phaga  DMA.  It 
My  poeelbly  be  labelled  polyphoephate  which  la  known  to  be  praaant 
In  diphtheria  bacilli. 
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